Zusammenfassung. Literaturbekannte Analysenmethoden zur Bestimmung von Anthocyanen und Anthocyanidinen in Rot-und Ros~wein wurden ffir den Laborroutinebetrieb adaptiert. Die spektralphotometrischen, s~iulenchromatographischen, fliissigchromatographischen und dfinnschichtchromatographischen Analysenmethoden k6nnen zur schnellen Bestimmung der Gesamtsumme der rotgef/irbten Anthocyane, der freien, polymeren und kondensierten Anthocyane und der 3,5-Diglucoside von Petunidin, Pfionidin, Malvidin, Cyanidin und Pelargonidin herangezogen werden. Die Untersuchungen wurden an einem typischen 6sterreichischen Rotwein durchgefiihrt.
Introduction
Anthocyanins and anthocyanidins are important constituents of grapes and wines whose identification distinguishes the characteristics of various species of wines. Anthocyanins, anthocyanidins and tannins are the principal phenolic compounds of red and ros6 wine and cause the particular organoleptic quality. Therefore the analysis of these specific components can make it possible to classify wines according to their quality and price. Bak-Offprint requests to: I. Steiner ker et al. [1] discovered that high-performance liquid chromatography (HPLC) is the best method for identifying free anthocyanins in red wine, while Dournel [2] showed that the content of these substances was a 30% lower when measured by chromatographic methods compared to other methods. Bakker [3] analysed the rate of aging of port wine by HPLC. Siewek et al. [4] showed that adulteration of black currents with red current extracts could be proved by HPLC analysis of quercetin 3-0rhamnosyl glucoside. Knuthson [5] analysed the colours of grape peels but with poor recovery. Many other analytical methods for anthocyanins and anthocyanidins have been described, but they are either not sufficiently exact or they take too much time or technical equipment.
Experimental

Photometric analysis of the total anthocyanins in red wine
Apparatus and reagents. A Pye Unicam (USA) photometer model UV/VIS SP-8-400 was used for all experiments. Oenocyanin was purchased from Roth (FRG), potassium hydrogenphthalate and hydrochloric acid were purchased from Merck (FRG). The buffer solution consisted of 20.42 g/L potassium hydrogenphthalate and 12.2 ml/L 2 mol hydrochloric acid (in deionized water).
Method and condition of measurements. 2 ml red wine was diluted 1 : 10 with the buffer solution. The pH was 3.4. The absorbance was measured immediately at 520 nm [6] . For quantification, the results were compared to oenocyanin.
Column chromatographic analysis of the free, polymeric and condensed anthocyanins in red wine with fraction separation controlled by high-performance thin-layer chromatography (HPTLC)
Apparatus and reagents. A glass column (length 15 cm, diameter 1 cm, filling height 4 cm) was purchased from Haak (Austria). The filling consisted of silica gel, silica gel 60 and polyvinyl polypyrroli- Method and condition of measurements. 0.2 mt red wine was applied on top of the glass column filled with the activated filling. Three fractions were eluted using 10 ml of each eluant 1, 2 and 3. The free anthocyanins, which were in the first fraction, were measured at 538 nm, the polymeric anthocyanins were collected in the second fraction and measured at 525 nm and the condensed anthocyanins were collected in the third fraction and also measured at 525 nm. The amounts of the products were calculated by using the method of Bourzeix and Heredia [7] . The separation of the three groups of anthocyanins was controlled by HPTLC of all fractions; 150-pl samples were used [8] .
HPLC of anthocyanidin 3,5-glucosides of Zweigelt 1987 measured as anthocyanidin chlorides
Apparatus and reagents. An ICT high-performance liquid chromatograph connected with an UV/VIS photometer was used. The reversed-phase 13-cm 5C-18 Bondapac column was purchased from Waters (USA). The eluant consisted of 55% methanol, 45% deionized water and 4.5g/L phosphorous acid; 2 ml hydrochloric acid was used for the separation of the anthocyanidin 3,5-diglucosides. All compounds were purchased from Merck (FRG). The chlorides of delphinidin, cyanidin, petunidin, peon• and malvidin were purchased from Roth (FRG).
Method and condition of measurements. The 3,5-diglucosides of delphinidin, cyanidin, petunidin, peon• and malvidin were converted to anthocyanidin chlorides. For sample preparation, 5 ml red wine and 5 ml 2 tool hydrochloric acid were boiled under reflux for 30 rain. At room temperature 20-gl samples were analysed at 530 nm wavelength [9, 10] . The recovery rates were 91% for delphinidin chloride, 74% for cyanidin chloride, 81% for petunidin chloride, 79% for peon• chloride and 92% for malvidin chloride. The eluant flow velocity was 1.5 ml/min. Relative retention times, tR, were measured relative to malvidin chloride.
Results and discussion
A short description of the interesting components of the Zweigelt 1987 wine are given in Table 1 so that the results of the analysis for anthocyanidins and anthocyanins [9] may be understood better.
The pH of the wine was 3.4 and its content of alcohol was 10.4% [6] . This wine was classified as a typical Austrian red wine of good quality without any colour deviations.
Photometric analysis of the total anthocyanins in Zweigelt 1987 red wine
The amount of total anthocyanins was 2025 mg/L. As a reference substance, oenocyanin was used. This fast method allows mass screening for colour but does not make differences between anthocyanins and other chemical substances that cause red colour and which are forbidden by law.
Column-chromatographic analysis and HPTLC analysis of free, polymeric and condensed anthoeyanins in Zweigelt 1987 red wine
The results of this analysis are shown in Table 2 . As a reference substance, oenocyanin was used. The recovery value was 98% and the column filling could be used 10 times before reactivation. This method was also used for screening betain in wine, which is forbidden by the Austrian Wine Codex. Betain can be easily detected because it changes the colour of the filling material irreversibly into orange after the first fraction is separated. This filling cannot be used again [9] .
HPLC analysis of 3,5-diglucosides of delphinidin, cyanidin, peon• petunidin and malvidin of Zweigelt 1987 red wine
This • method allows rapid screening of red colours in wine, one run taking 15 rain. Several studies were made to find the best photometric conditions for measuring the anthocyanidin chlorides: a wavelength of 530 nm was the best compromise for detection. The results of other studies showed that direct injection of unpurified samples is necessary to obtain reproducible results. Our results are shown in Table 3 .
